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Abstract: We report the concentrations of scheduled prescription

drugs in blood samples from people arrested in Sweden for driving

under the influence of drugs (DUID). The investigation covered a 2

year period 2004 (N = 7052 cases) and 2005 (N = 7759 cases) and

was prompted by recent legislation stipulating zero-concentration

limits in blood for controlled substances. However, prescription drugs

are exempt from the zero-limit law provided that the medication was

being used in accordance with a doctor’s prescription. The blood

concentrations of various psychoactive substances were compared

with the limits of quantitation of the analytic method used and the so-

called therapeutic concentration range according to various reference

books and tabulations. Diazepam [N = 1950 (26%)] and nordazepam

[N = 2168 (28%)] were the therapeutic agents most frequently

identified in these forensic blood samples along with other

benzodiazepines such as alprazolam [N = 430 (5.6%)], flunitrazepam

[N = 308 (4.0%)], and nitrazepam [N = 222 (2.9%)]. The newer

hypnotics, exemplified by zolpidem [N = 148 (1.9%)] and zopiclone

[N = 111 (1.5%)], were also high on the list of psychoactive

substances identified. Interpreting the concentration of a prescription

drug in blood in relation to whether the person had taken an overdose

or was abusing the substance in question is not always easy. The age,

gender, degree of obesity, and ethnicity of the person concerned; the

pharmacokinetic profile of the drug; polymorphism of drug-

metabolizing enzymes as well as liver and kidney function and

blood hematocrit need to be considered. Among preanalytic factors,

stability of the drug in blood after sampling, the type of tubes and

preservatives used, the dosage form and route of administration

deserve consideration. When therapeutic drug monitoring concen-

trations are compared with forensic toxicology results, then the

plasma-to-whole blood distribution ratio of the drug also needs to be

considered. In blood samples from DUID suspects, the concen-

trations of many commonly used sedatives and hypnotics exceeded

the accepted therapeutic limits, which gives an indication of the abuse

potential of these types of medications.
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In efforts to combat driving under the influence of drugs
(DUID) and to simplify the prosecution of offenders, several

countries in Europe (eg, Belgium, Finland, France, Germany,
Poland, and Sweden) have introduced zero-concentration
limits in blood for illicit drugs.1–3 Under this statute, there
is no need to prove that a driver was under the influence or
impaired by drugs because the evidence in the prosecution
case is primarily the analytic toxicology report. If the concen-
tration of an illicit drug in blood is above the limit of quan-
titation (LOQ) of the analytic method used, this is sufficient
evidence to charge a person with DUID.1 Besides driving
under the influence of an illicit drug, the Swedish zero-
tolerance law also includes prescription drugs if these are
classified as controlled substances.1 However, a person is exempt
from prosecution if the blood concentration of a prescription drug
is within the range expected for normal therapeutic use.

To convict a person for driving under the influence of
a prescription drug, the prosecution has to prove the driver was
impaired by drugs or that the concentration in blood was
higher than expected for normal therapeutic use, implying that
the person had taken an overdose or was abusing the medi-
cation in question.1 This requires expert evidence to explain
the drug’s pharmacokinetic and pharmacodynamic profile and
the factors that can influence the concentration in blood as
a function of dose. Such parameters as age, gender, ethnicity,
and genetics as well as the role of liver and kidney function,
plasma protein binding, and the distribution ratio between
plasma and whole blood are considered.4 Controlled dosing
studies show large individual variations in peak concentrations
(Cmax) and steady-state concentrations (Css) after long-term
therapy depending on the half-life of the drug, the dose
interval, and other factors.1

We report the spectrum of scheduled prescription drugs
identified in blood samples from people arrested in Sweden for
DUID. The mean, median, and highest concentration of the
various substances are compared with the LOQ of the analytic
methods used and the therapeutic concentration range ac-
cording to various tabulations.5–10 We also discuss issues
related to interpretation of the analytic results when a statement
is made as to whether a person had overdosed or abused
a particular psychoactive medication.

MATERIALS AND METHODS
All blood specimens from people suspected of driving

under the influence of alcohol and other drugs in Sweden are
sent to one central laboratory for toxicologic analysis (National
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Laboratory of Forensic Chemistry, Linköping, Sweden). The
first suspicion of impaired driving arises when a motorist is
stopped by the police for a traffic violation such as speeding or
after involvement in a crash or in connection with a routine
sobriety control. The investigation starts with a roadside breath-
alcohol screening test and if this test is negative, the police have
to decide whether the person’s appearance and behavior indicate
that other drugs might be involved. Any unusual or erratic
behavior along with a negative breath-alcohol test (BAC
,0.2 g/L), suggests that other psychoactive drugs might have
been taken. The police also examine the driver’s eyes to record
reaction to light and pupil size (dilated or constricted), whether
the eyes were bloodshot or glassy, and also the presence of any
gaze nystagmus.

Specimens of venous whole blood are taken by a nurse
or physician with the aid of Vacutainer tubes (23 10 mL) that
contain 100 mg sodium fluoride and 25 mg potassium oxalate
as preservatives (Terumo Europe NV, Leuven, Belgium).
Blood is drawn from an elbow vein and two tubes are filled in
rapid succession and are immediately inverted several times to
mix the blood and chemical preservatives. The police also
make an effort to collect a specimen of urine and each suspect
is required to empty their bladder into a beaker and a 10 mL
aliquot of the specimen is sent for analysis in a tube containing
NaF (1%) as preservative.

The specimens of urine and/or blood (1 mL) undergo
a broad screening analysis for five classes of abused drugs
(opiates, cannabinoids, amphetamine analogs, cocaine metab-
olites, and some benzodiazepines).10,11 Urine is the specimen
of choice for drug screening if a sample is available. However,
people cannot be forced to urinate and some refuse to comply
or fail to void. In this case drug screening is performed on the
blood sample instead. If urine is used for screening analysis
and the specimen is unusually diluted, as indicated by creat-
inine content, a decision is made to screen for drugs in the
blood sample. Blood samples are subjected to protein pre-
cipitation and solvent extraction before analysis by immuno-
assay using EMIT or CEDIA reagents run on an ADVIA 1650
instrument from Bayer (Health Care Diagnostics, Tarrytown,
NY).10,11 All positive results from the screening analysis
undergo verification by more specific methods (GC-NPD, LC-
MS, and GC-MS).11,12 When opiates are detected, the samples
are not subjected to hydrolysis, so the free drug concentrations
of morphine and codeine are determined in blood samples.

Because the immunoassay is not sensitive to many
prescription drugs (eg, clomethiazole, zolpidem, zopiclone,
and flunitrazepam), these substances are determined in blood
samples by capillary gas chromatography with N-P detector as
described elsewhere.11,12 The analytic LOQ differ for different
substances, and this depends on the laboratory involved and
the method of analysis used.

If the concentration of an abused drug is found to be
above the upper limit of the standard curve, then the analysis
is repeated starting with a smaller volume of blood (0.5 or
0.25 mL) after adding drug-free blood to give 1 mL of starting
material. Although the aliquots of blood used for analysis of
drugs in this project were weighed (1 g), the concentrations
are reported here as milligrams per liter to comply with
international standards.

The material for this study consisted of all cases of DUID
over a 2 year period, 2004 (N = 7052) and 2005 (N = 7759).
The types of scheduled prescription drugs in the blood samples
and the concentrations present were obtained from our in-house
database TOXBASE. The search criteria took no account of
multidrug use and instead focused on the various prescription
medications listed as controlled substances in Sweden. To
assess whether the concentrations were high or low, we used
information gleaned from compilations of therapeutic and toxic
drug concentrations provided by The International Association
of Forensic Toxicologists (TIAFT).13 This was done after
adjusting for an uneven distribution of drug between serum and
whole blood when such information was available.14–16

RESULTS

Spectrum of Prescription Drugs in Blood
of Drivers

Table 1 lists the scheduled prescription drugs identified
in blood samples from people apprehended for DUID in
Sweden during 2004 and 2005. A few psychoactive drugs are
not shown in Table 1 because they occurred only once or twice
over the study period (eg, bromazepam, zaleplon). Further-
more, nonscheduled drugs such as caffeine, aspirin, para-
cetamol, and newer antidepressants (selective serotonin reuptake
inhibitors) are also omitted. The drugs are listed in rank order
of the number of times they were identified in blood samples at
concentrations above LOQ for our laboratory method (also
shown). The mean, median, and highest concentration of each
drug is given along with the most important indication for
prescribing the medication as well as the current Swedish
classification as a controlled substance.

Sedative/hypnotics, particularly benzodiazepines (diaze-
pam, alprazolam, flunitrazepam, and nitrazepam), dominate
(67%) as might be expected from many previous publications
dealing with drug-impaired driving.17–20 Highly prevalent too
were the newer hypnotics such as zopiclone (1.5%) and
zolpidem (1.9%), which are becoming widely prescribed for
insomnia and should be taken just before bedtime and never
used when skilled tasks such as driving are performed.21,22

Figure 1 gives the frequency distributions for the
concentrations of zolpidem (upper plot) and zopiclone (lower
plot) in blood samples from DUID suspects. The skewed
nature of these distributions is obvious and the mean and
median concentrations are fairly high compared with the
therapeutic peak concentration (see Appendix).22 Indeed, find-
ing a therapeutic concentration of zolpidem or zopiclone in
blood can be considered suspect and suggests that the medi-
cation was used at the wrong time of day.22,23 These hypnotic
drugs are intended to be taken just before bedtime and their
short half-lives ensure that negligible concentrations remain in
blood the next morning after an 8 hour sleep.

Concentrations of Parent Drug
and Active Metabolite

Several of the drugs in Table 1 are metabolized into
pharmacologically active products,24 namely diazepam/norda-
zepam,25 codeine/morphine,26 and carisoprodol/meprobamate.27

q 2007 Lippincott Williams & Wilkins 249

Ther Drug Monit � Volume 29, Number 2, April 2007 Prescription Drugs in Blood of Impaired Drivers



Nordazepam might have arisen as a metabolite of some other
benzodiazepines that are not registered in Sweden (eg,
clorazepate). Table 2 gives a breakdown of the results for
diazepam (D) or nordazepam (ND) when these substances
occurred alone or together in blood samples. ND has a much
longer half-life than D so, after repeated intake, concentrations
of ND accumulate and surpass those of D.28 Finding D with ND
below LOQ suggests fairly recent intake of D and that the
metabolite has not had time to accumulate.29 Those instances in
which NDwas found without D suggest that an appreciable time
has elapsed since the last use of the medication containing
diazepam.29,30 This follows because of the much longer half-life
of ND (approximately 60 hours) compared with D (approxi-
mately 30 hours).31

Interpreting the concentrations of morphine and codeine
in blood is complicated because morphine itself is a pre-
scription drug and is also a metabolite of both heroin and
codeine.32,33 Heroin is a highly addictive illicit drug currently

used by many DUID suspects in the Nordic countries.34,35

Nonpharmaceutical heroin contains acetyl codeine as an
impurity and this compound undergoes deacetylation into
codeine.36 Accordingly, the source of morphine and codeine in
forensic blood samples is not always easy to resolve. Support
for abuse of heroin comes from the unequivocal finding of 6-
acetylmorphine (6AM) in blood or urine, which is a specific
metabolite of heroin and is itself pharmacologically active.37

The number of instances of finding 6AM in blood and/or
urine, thus giving convincing proof of the extent of heroin use
by DUID suspects, is reported in Table 3.

The third example of a prescription drug undergoing
conversion to an active metabolite is the centrally active muscle
relaxant carisoprodol, which is metabolized by CYP2C19 into
meprobamate.38 Meprobamate was once widely prescribed as
a sedative but is no longer registered in Sweden. Accordingly,
finding meprobamate in blood of DUID suspects invariably
means that the person was medicated with the prescription

TABLE 1. Concentrations of Scheduled Prescription Drugs in Blood Samples From Driving Under the Influence of Drugs Suspects
Apprehended in Sweden During 2004 and 2005

Substance No. (%) Mean (mg/L) Median (mg/L) Highest (mg/L) LOQ* (mg/L) Therapeutic Drug Category and Classification†

Nordazepam‡ 2168 (28) 0.33 0.2 5.2 0.05 Anxiolytic IV

Diazepam 1950 (26) 0.36 0.2 6.2 0.05 Anxiolytic IV

Morphine§ 864 (11) 0.049 0.03 1.6 0.005 Narcotic analgesic II

Codeine§ 617 (8.0) 0.045 0.01 1.0 0.005 Narcotic analgesic II

Alprazolam 430 (5.6) 0.09 0.06 3.9 0.02 Anxiolytic IV

Flunitrazepam 308 (4.0) 0.018 0.014 0.12 0.005 Hypnotic II

Nitrazepam 222 (3.0) 0.12 0.05 1.76 0.02 Hypnotic IV

Clonazepam 164 (2.1) 0.05 0.04 0.32 0.02 Anticonvulsant IV

Zolpidem 148 (1,9) 0.31 0.2 3.48 0.03 Hypnotic IV

Methadone 114 (1.5) 0.26 0.2 1.1 0.05 Narcotic analgesic II

Zopiclone 111 (1.5) 0.10 0.06 0.41 0.02 Hypnotic V

Tramadol 105 (1.4) 0.85 0.4 7.6 0.05 Narcotic analgesic6

Carbamazepine 69 (0.9) 3.6 2.4 14 0.5 Anticonvulsant6

Carisoprodol 66 (0.9) 3.9 2.8 11.9 0.2 Muscle relaxant IV

Meprobamatek 63 (0.8) 15.7 11 64 5 Anxiolytic/sedative IV

Oxazepam 49 (0.6) 1.12 0.8 5.7 0.1 Anxiolytic IV

Ephedrine 47 (0.6) 0.21 0.1 1.3 0.05 Decongestant/bronchodilator{
Propoxyphene 38 (0.5) 0.17 0.1 0.7 0.05 Narcotic analgesic III

Ethylmorphine 25 (0.3) 0.095 0.03 0.82 0.005 Narcotic analgesic III

Buprenorphine 16 (0.2) 0.0022 0.001 0.009 0.0002 Narcotic analgesic IV

Phenobarbital 14 (0.2) 9.9 3 48 1 Sedative/hypnotic IV

Alimemazine 12 (0.2) 0.16 0.075 0.9 0.05 Antihistamine, sedative, antipsychotic{
Hydroxyzine 10 (0.1) 0.17 0.08 0.4 0.05 Antihistamine/anxiolytic{
Promethazine 6 (0.1) 0.13 0.09 0.3 0.05 Antihistamine/anxiolytic{
Phenytoin 5 (0.1) 9.7 10 20 0.5 Anticonvulsant{
Chlordiazepoxide 4 (0.1) 1.1 0.3 3.5 0.2 Anxiolytic IV

Midazolam 4 (0.1) 0.078 0.065 0.15 0.02 Anxiolytic, sedative IV

Chlorzoxazone 3 (0.1) 3.0 1.7 5.7 1 Muscle relaxant{
Clomethiazole 3 (0.1) 0.43 0.4 0.7 0.02 Hypnotic, sedative V

*Limit of quantitation (LOQ) for the analytic method used.
†According to the Swedish drug classification system.
‡Active metabolite of diazepam and other benzodiazepines.
§Most probably metabolites of illicit heroin.
kActive metabolite of carisoprodol.
{Not listed as a controlled substance but considered dangerous to use when skilled tasks such as driving are performed.
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drug carisoprodol (Table 4).27,38 Because both meprobamate
and carisoprodol are pharmacologically active, some inves-
tigators add the concentrations together and this information is
also included in Table 4.27

DISCUSSION
Most previous articles dealing with drug-impaired

driving have focused on the various substances identified in
blood and the relative frequencies of their occurrence.35,39–41

Much less attention has been given to the actual concentrations
present and how these should be interpreted in relation to the
dose taken or the impairment of skilled tasks related to
driving.4,42 Furthermore, illicit drugs such as amphetamine and

its derivatives (methamphetamine, ecstasy), cannabis (THC),
cocaine, and GHB tend to receive most attention in published
surveys of DUID in different countries.34,43–46 Knowledge
about legitimate or illicit sources of amphetamine and
methamphetamine in blood warrant consideration because
some prescription medications are metabolized into these
illicit drugs (see review by Musshoff).47 This complicates
interpretation of the results when conventional analytical
methods are used.

Immediately after the zero-limit law was introduced in
Sweden, the number of blood samples submitted by the police
for toxicologic analysis began to increase and this increase has
continued ever since. Statistics show that in approximately
80% to 85% of cases, one or more banned substances is
present with illicit drugs such as amphetamine dominating.45

In many drug-negative cases (30–50%), ethanol is present at
concentrations above the legal limit for driving in Sweden
(0.20 mg/g or 0.20 g/L). Polydrug abuse is the norm among
DUID suspects and a scheduled prescription drug often occurs
together with an illicit drug such as amphetamine or THC.18

Under these circumstances, the concentration of the pre-
scription drug (eg, diazepam or flunitrazepam) does not need

FIGURE 1. Frequency distributions of the concentrations of the
newer hypnotic drugs zolpidem (upper plot) and zopiclone
(lower plot) in blood samples from impaired drivers appre-
hended in Sweden.

TABLE 2. Interrelationships Between the Concentrations of
Diazepam and Its Active Metabolite Nordazepam in Blood
Samples From Driving Under the Influence of Drugs Suspects
in Sweden

Drug Combinations No.
Mean
(mg/L)

Median
(mg/L)

Highest
(mg/L)

Diazepam (all cases) 1,950 0.36 0.2 6.2

Nordazepam (all cases) 2,168 0.33 0.2 5.2

Diazepam with nordazepam 1,708 0.39 0.2 6.2

Diazepam only* 242 0.125 0.09 1.5

Nordazepam only† 460 0.10 0.08 1.1

*Concentration of nordazepam in blood below 0.05 mg/L—the LOQ of the method.
†Concentration of diazepam in blood below 0.05 mg/L—the LOQ of the method.
LOQ, limit of quantitation.

TABLE 3. Concentrations of Morphine and Codeine Either
Alone or Together With 6-acetylmorphine in Blood Samples
From Driving Under the Influence of Drugs Suspects
Apprehended in Sweden

Drug Combinations No.
Mean
(mg/L)

Median
(mg/L)

Highest
(mg/L)

Morphine (all cases) 864 0.049 0.03 1.6

Morphine only 365 0.024 0.02 0.43

Morphine with 6AM* 204 0.053 0.02 1.13

Morphine with codeine 295 0.078 0.06 1.6

Codeine (all cases) 617 0.045 0.01 1.0

Codeine only 246 0.063 0.03 1.0

Codeine with 6AM* 76 0.014 0.01 0.1

Codeine with morphine 295 0.037 0.01 0.93

*6AM, 6-acetylmorphine present in blood above the limit of quantitation of the
method—0.005 mg/L.
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to be interpreted because the prosecution case focuses on the
presence of the illicit drug.1

It is not illegal to drive after legitimate use of a scheduled
prescription drug if the concentration is within the therapeutic
range and the person shows no evidence of any drug-related
impairment. However, many studies have shown that even
therapeutic doses of sedative–hypnotics and centrally acting
opiate analgesics impair the performance of skilled tasks and
have untoward effects on a person’s behavior.48–54 This con-
stitutes a problem for traffic safety, especially when such
medication is used for the first time or at inappropriate times
of the day in relation to the time of driving. The Swedish
government therefore included scheduled prescription drugs in
the zero-limit legislation.1

Table 1 lists the 29 most common scheduled prescription
drugs in blood samples from DUID suspects apprehended over
a 2 year period. Benzodiazepines such as diazepam, alpra-
zolam, flunitrazepam, nitrazepam, clonazepam, and oxazepam
dominate this list in terms of the frequency of occurrence. The
newer hypnotics zolpidem and zopiclone are also highly
prevalent. The presence of morphine and codeine probably
originates from the illicit use of heroin (see ‘‘Results’’ for
details). The opioids methadone, tramadol, and buprenorphine
are also common findings either alone or together with other
drugs. Note that methadone and buprenorphine are available
on prescription in Sweden as substitution therapy to treat
heroin addiction. The other prescription drugs listed in Table 1
represent only a small fraction of the total findings and are,
thus, an insignificant problem for road traffic safety.

Interpreting the concentration of a prescription drug in
blood in relation to the dose taken and the time of last use is
fraught with difficulties and many toxicologists shy away from
this question. Making an unequivocal statement that the
concentration is higher than expected for normal therapeutic
usage is not so easy. Controlled dosing studies show large
inter- and intraindividual variations in blood or plasma
concentrations for the same dose of drug and route of
administration.55–58 The peak concentration (Cmax) after a
single dose will not necessarily be the same as the steady-state
concentration (Css) after repetitive dosing owing to accumu-
lation depending on dose interval and half-life of the drug.59

For drugs with long half-lives, the accumulation in blood is
slow but the extent of accumulation is appreciable. After
multiple dose therapy, Css ... Cmax after a single dose and
the reverse holds for drugs with short half-lives.59

When the hypnotic flunitrazepam (5 mg) was taken on
an empty stomach, Cmax was 0.0107 mg/L compared with
0.004 mg/L when the same dose was taken after a meal.60

Demographics of the patient, including age, gender, obesity,
ethnicity as well as various drug–drug interactions should be
considered when the analytic results are interpreted.61–64 Liver
and kidney function deteriorates with advancing age and this is
considered when a physician prescribes medication to the
elderly.65,66 People in need of palliative care receiving long-
term treatment with strong analgesics can seemingly tolerate
unusually high concentrations of, eg, opiates, well above
normal therapeutic concentrations and do not necessarily
represent a danger for traffic safety.67

Opiates are a diverse group of pharmaceutical agents
with high abuse potential and toxicity after taking an
overdose.68 Heroin is not available on prescription in Sweden.
The presence of codeine and morphine in blood could mean
that a person took a tablet of codeine or had snorted heroin,
because both drugs are metabolized into morphine.33 Definite
proof that heroin was taken comes from finding 6AM in blood
or urine as found in 280 instances over a 2 year period.37

Another clue for heroin abuse is given by the finding of
a morphine-to-codeine concentration ratio in blood above
unity (1.0).33 After subjects received 100 mg codeine phos-
phate, the morphine-to-codeine concentration ratio in plasma
was much less than 1.0 and remained so for up to 23 hours.32

Many of the drugs presented in Table 1 are metabolized
by cytochrome P450 (CYP) enzymes, some of which are
polymorphic (eg, CYP2D6 and CYP2C19).68–71 Codeine is
demethylated by the action of CYP2D6 to produce morphine,
which is considered responsible for the analgesic effect of
codeine.72 Depending on the genotype inherited, either a strong
effect (slow metabolizers) or weak response to medication
(rapid metabolizers) is possible.73,74 The particular genotype
a person inherits has sometimes had serious clinical
consequences after regular use of codeine as a mild analgesic
or antitussive medication.75

Other examples of pharmacogenetics include conversion
of carisoprodol to meprobamate through CYP2C19, which is
also polymorphic.38 Ethnic differences in drug metabolism
might be another explanation for finding an unusually high
concentration of a prescription drug or its metabolite in blood
samples.61,69 The potential for drug–drug interactions should
not be overlooked, especially in the elderly in whom
polypharmacy is very common. This might be caused by
displacement of one drug by another at plasma protein-binding
sites or competition for metabolizing enzymes, leading to
induction or inhibition of drug metabolism.76–78

Laboratories devoted to therapeutic drug monitoring
mostly determine drugs in plasma or serum with a few
exceptions (eg, cyclosporine and tacrolimus). This stands in
sharp contrast to work performed in forensic toxicology
laboratories, particularly those dealing with medical examiner
cases. The composition of forensic blood specimens submitted
for analysis can vary widely (eg, lipid content, fluidity, water
content, and presence of clots).16 The blood samples taken
from DUID suspects are also used for determination of ethanol
and they therefore contain sodium fluoride (1% w/v) as
a preservative. This additive causes red cells to hemolysis

TABLE 4. Concentrations of Carisoprodol and Its Metabolite
Meprobamate in Blood of Driving Under the Influence of
Drugs Suspects and the Sum of the Two Concentrations

Drug No.
Mean
(mg/L)

Median
(mg/L)

Highest
(mg/L)

Carisoprodol 66 3.9 2.8 11.9

Meprobamate 63 15.7 11.0 64.0

Meprobamate only* 8 8.1 8.0 14.0

Sum of carisoprodol + meprobamate 63 19.6 13.8 75.9

*Concentration of carisoprodol below the limit of quantitation of the method—0.2 mg/L.
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making it impossible to obtain aliquots of cell-free plasma for
determination of drugs.16

Many of the drugs listed in Table 1, particularly the
benzodiazepines, are highly bound to plasma protein, which
has implications when forensic toxicology results are
compared with therapeutic ranges based on analysis of plasma
or serum.14,15 For protein-bound drugs such as diazepam,
women will have a somewhat lower concentration in whole
blood than men owing to gender-related differences in hemat-
ocrit.79,80 Likewise, any medical conditions that results in an
abnormal red cell volume such as anemia or polycythemia also
deserve consideration when the concentration of drugs are
compared and contrasted between plasma and whole blood.81

The small interindividual variations in blood hematocrit have
not until now been considered when forensic toxicology
results are compared with therapeutic ranges based on
therapeutic drug monitoring data.

What should be considered when the concentration of
a drug in whole blood is compared with the therapeutic range
in plasma or serum and a decision made whether the person
has overdosed? A good starting point is scientific papers
reporting Cmax after a single therapeutic dose and Css after
long-term therapy.82–84 Whenever possible, pharmacokinetic
parameters should be considered in relation to age, gender,
ethnicity, obesity, and any known liver or kidney dysfunc-
tion.59,61,62 External factors such as consumption of alcohol,
alcohol-induced liver disease, smoking, use of contraceptive
steroids, pregnancy, and concomitant use of other drugs
might influence Cmax or Css under some circumstances.85–88

Pharmaceutical aspects such as the dosage form, whether
tablet, syrup, or sustained-release product, as well as route of
administration can have a large impact on Cmax for the same
dose of drug administered. Analytic considerations, particu-
larly the condition of the specimen and the type of matrix,
whether plasma, serum, or whole blood, are clearly important
considerations owing to uneven distribution of drugs between
plasma and red cells.14–16

In general, the concentration of a drug in plasma or
serum is higher than in whole blood, especially for protein-
bound drugs with some obvious exceptions such as the
antimalaria drug chloroquine, which is preferentially concen-
trated in the erythrocytes.80 When the concentration of a drug
in whole blood (forensic cases) is compared with the
concentration in plasma or serum (therapeutic drug monitoring
cases), this gives an advantage to the suspect when one has to
decide whether the analytic result is suggestive of an overdose
of the medication in question.

The Appendix lists in alphabetical order the majority of
scheduled prescription drugs found in blood samples from
DUID suspects apprehended in Sweden. The structural
formula of the drug is given along with the most common
registered trade names. The number of occurrences of the
various substances over a 2 year period is provided along with
the mean, median, and highest concentrations encountered in
blood. Drugs identified only once or twice over the study
period are not included in the Appendix (eg, bromazepam,
zaleplon, temazepam). Also listed are the therapeutic con-
centration ranges according to information gleaned from the
TIAFTweb site, which relates mainly to the drug concentration

measured in plasma or serum.13 The last column in the
Appendix gives the percentage of cases for which the
concentrations of specific drugs were judged to be above
the therapeutic interval and was thus suggestive of an overdose
or abuse of the medication.15,89,90 In compiling this in-
formation we have, whenever possible, used information about
the distribution of the substance between plasma and whole
blood. The concentrations of alprazolam (65%), flunitrazepam
(22%), and zolpidem (36%) were often above the therapeutic
Cmax concentration for these pharmaceutical agents, giving one
indication of the abuse potential for this kind of sedative–
hypnotic medication.

The use of illicit drugs for pleasure is a criminal offence
in most Western nations so the introduction of zero-
concentration limits in blood when driving was politically
acceptable and well anchored in public opinion and not
opposed by the media. People use recreational drugs to relieve
inhibitions, experience euphoria, and escape from reality often
with negative effects on performance and behavior. Before the
zero-limit law was introduced, a DUID prosecution required
tangible evidence that the person was impaired by a drug other
than alcohol and was deemed a danger for traffic safety. The
main prosecution evidence came from a clinical examination
of each suspect in which a physician recorded signs and symp-
toms of drug influence. The results of the clinical examination
often conflicted with the analytic toxicology report and no
charges were brought or the person was acquitted if the case
went to trial. Accordingly, the introduction of zero-concen-
tration limits in blood for drugs listed as controlled substances
has greatly simplified prosecution of DUID offenders.

CONCLUSION
Antianxiety agents and sedative–hypnotics, mainly

benzodiazepines and also various opiate analgesics, were the
scheduled prescription drugs unequivocally identified in blood
samples from impaired drivers in Sweden. The contribution of
other pharmaceutical agents was relatively small or negligible
and did not represent a particular problem for traffic safety.
The notion of establishing threshold concentration limits in
blood for certain drugs, akin to punishable blood alcohol limits
(eg, 0.20 g/L or 0.50 g/L), or enacting graded penalties
depending on drug concentration is hard to motivate owing to
weak concentration-effect relationships and to the develop-
ment of tolerance after long-term therapy. Zero-concentration
limits or LOQ laws represent a much simpler and more
pragmatic way to enforce DUID legislation compared with the
traditional impairment laws making it a lot easier to convict an
offender.
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APPENDIX. Scheduled Prescription Drugs Identified in Blood Samples From Driving Under the Influence of Drugs Suspects
in Sweden

Drug (Swedish trade name) Structural formulae No.*

Mean (median)
max concentration

(mg/L)
Therapeutic

(TIAFT) (mg/L) No. (%)†

Alprazolam (Xanor) 430 0.09 (0.06) 3.9 0.005–0.05 (0.1)‡ 279 (65)

Alimemazine (Theralen) 12 0.16 (0.075) 0.9 0.05–0.4 1 (8.3)

Buprenorphine (Norspan)
(Subutex) (Temgesic)

16 0.0022 (0.001) 0.009 0.001–0.01 None

Carbamazepine (Hermolepsin)
(Tegretol) (Trimonil)

69 3.6 (2.4) 14 4–9 (12)‡ 3 (4.3)

Carisoprodol (Somadril) 66 3.9 (2.8) 11.9 2.5–10 18 (27)

Chlordiazepoxide 4 1.1 (0.3) 3.5 0.4–4 1 (25)
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APPENDIX. (continued ) Scheduled Prescription Drugs Identified in Blood Samples From Driving Under the Influence of Drugs
Suspects in Sweden

Drug (Swedish trade name) Structural formulae No.*

Mean (median)
max concentration

(mg/L)
Therapeutic

(TIAFT) (mg/L) No. (%)†

Chlorzoxazone (Paraflex) 3 3 (1.7) 5.7 No info None

Chlormethiazole (Heminevrin) 3 0.43 (0.4) 0.7 0.1–2.8 None

Clonazepam (Iktorivil) 164 0.05 (0.04) 0.32 0.02–0.07 33 (20)

Codeine (Ardinex) (Citodon)
(Panocod) (Spasmofen)
(TreoComp)

617 0.045 (0.01) 1.0 0.05–0.25 11 (1.8)

Diazepam (Stesolid) 1950 0.36 (0.2) 6.2 0.125–1.5 224 (12)

Ephedrine 47 0.21 (0.1) 1.3 0.02–0.2 7 (15)

Ethylmorphine (Cocilana etyfin)
(Lepheton)

25 0.095 (0.03) 0.82 No info None

(continued on next page)
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APPENDIX. (continued ) Scheduled Prescription Drugs Identified in Blood Samples From Driving Under the Influence of Drugs
Suspects in Sweden

Drug (Swedish trade name) Structural formulae No.*

Mean (median)
max concentration

(mg/L)
Therapeutic

(TIAFT) (mg/L) No. (%)†

Flunitrazepam (Rohypnol) 308 0.018 (0.014) 0.12 0.005–0.015 67 (22)

Hydroxyzine (Atarax) 10 0.17 (0.08) 0.4 0.05–0.09 5 (50)

Meprobamate (Anervan) 63 15.7 (11) 64 10–30 11 (17)

Methadone (Metadon) 114 0.26 (0.2) 1.1 0.05–0.5 (1.0)‡ 1 (0.9)

Midazolam (Dormicium) 4 0.078 (0.065) 0.15 0.08–0.25 None

Morphine (Dolcontin)
(Depolan)

864 0.049 (0.03) 1.6 0.01–0.12 78 (9)
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APPENDIX. (continued ) Scheduled Prescription Drugs Identified in Blood Samples From Driving Under the Influence of Drugs
Suspects in Sweden

Drug (Swedish trade name) Structural formulae No.*

Mean (median)
max concentration

(mg/L)
Therapeutic

(TIAFT) (mg/L) No. (%)†

Nitrazepam (Mogadon) 222 0.12 (0.05) 1.76 0.03–0.12 34 (15)

Nordazepam 2168 0.33 (0.2) 5.2 0.2–0.8 (1.8)‡ 103 (4.8)

Oxazepam (Sobril) 49 1.12 (0.8) 5.7 (0.15)‡ 0.5–2.0 5 (10)

Phenobarbital
(Fenemal Recip)

14 9.9 (3) 48 2.0–30 (40)‡ 1 (2.8)

Phenytoin
(Lehydan)
(Epanutin)

5 9.7 (10) 20 8.0–20 None

Promethazine (Lergigan) 6 0.13 (0.09) 0.3 (0.05)‡ 0.1–0.4 None

Propoxyphene (Dexofen)
(Doloxen)

38 0.17 (0.1) 0.7 0.1–0.75 0 (0)

(continued on next page)
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APPENDIX. (continued ) Scheduled Prescription Drugs Identified in Blood Samples From Driving Under the Influence of Drugs
Suspects in Sweden

Drug (Swedish trade name) Structural formulae No.*

Mean (median)
max concentration

(mg/L)
Therapeutic

(TIAFT) (mg/L) No. (%)†

Tramadol (Nobligan)
(Tradolan)

105 0.85 (0.4) 7.8 0.1–0.8 (1.0)‡ blood 25 (24)

Zopiclone (Imovane) 111 0.099 (0.06) 0.41 0.04–0.07 13 (12)

Zolpidem (Stilnoct) 148 0.31 (0.2) 3.48 0.08–0.15 (0.2)‡ 54 (36)

*Number of positive findings.
†Number (and percent) of cases with concentrations in blood considered higher than expected for normal therapeutic use.
‡According to some investigators.
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